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Abstract
Purpose:  To  describe  the  clinical  presentation  and  computed  tomography  (CT)  and  magnetic
resonance  imaging  (MRI)  appearances  of  subtentorial  nocardia  cerebral  abscesses  developing  in
immunocompetent  patients.
Patients  and  methods:  The  clinical  ﬁndings  and  the  results  of  CT  and  MRI  examinations  of  three
immunocompetent  patients  with  nocardiosis  located  initially  only  in  the  subtentorial  region
were studied.  Three  patients  underwent  CT  examination  and  two  patients  had  MRI.
Results: Clinically,  two  patients  had  cerebellar  syndrome  and  the  third  had  meningism  with
fever. The  diagnosis  of  nocardiosis  was  bacteriologically  conﬁrmed  by  demonstrating  the  organ-
ism in  lumbar  puncture  ﬂuid  in  one  patient  and  by  an  aspiration  biopsy  of  the  abscess  in  the
other two.  Two  of  the  patients  improved  under  targeted  antibiotic  therapy  whereas  the  third
patient died.  The  main  imaging  features  of  the  lesions  were  a  multiloculated  appearance  with
peripheral  enhancement  after  intravenous  administration  of  iodinated  contrast  material  on
CT and  a  multicystic  appearance  on  MRI,  with  a  peripheral  hypointense  rim  on  T2-weighted
images, a  relatively  minor  mass  effect  and  a  multiloculated  appearance  on  gadolinium-chelate
enhanced  T1-weighted  images.
Conclusion:  The  clinical  presentation  of  cerebral  nocardiosis  is  relatively  non-speciﬁc.  A  micro-
cystic lesion  surrounded  by  hypointensity  on  T2-weighted  MR  images  with  a  multiloculated
pattern after  gadolinium  chelate  administration  on  T1-weighted  MR  images  in  association  with
a relatively  minor  mass  effect  should  suggest  this  diagnosis  even  if  the  lesion  is  single  and  in
the absence  of  immunosuppression.©  2015  Éditions  franc¸aises  de  rad
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Abscesses  due  to  Nocardia,  a  Gram-positive  ﬁlamen-
ous  bacteria  account  for  approximately  2%  of  all  cerebral
bscess.  A  single  subtentorial  location  is  even  rarer,  mak-
ng  the  diagnosis  difﬁcult.  Nocardia  predominantly  affects
mmunosuppressed  patients  [1]  although  it  is  not  partic-
larly  rare  for  immunocompetent  patients  to  be  affected
y  the  disease  and  these  patients  usually  respond  well  to
argeted  antibiotic  therapy  pending  that  the  diagnosis  is
uggested  by  the  results  of  imaging  examination  [2,3].  On
he  basis  of  three  clinical  cases  investigated  in  our  insti-
ution,  we  wished  to  report  the  clinical  presentation  and
maging  features  of  subtentorial  abscesses  due  to  nocardia
n  immunocompetent  patients.
ase reports
atient 1
 64-year-old  woman  with  no  remarkable  past  history
eveloped  hypoesthesia  on  the  right  side  of  her  face  and
erebellar  symptoms.  MR  imaging  examination  of  the  brain
erformed  at  1.5  Tesla  showed  a  right  cerebellar  and  middle
erebellar  peduncular  lesion  with  homogeneous  and  hyper-
ntense  appearance  on  ﬂuid  attenuated  inversion  recovery
FLAIR)  images  and  a  microcystic  appearance  surrounded
y  an  peripheral  hypointense  rim  on  T2  weighted  images
d
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igure 1. Cerebral MRI in patient 1: a: axial FLAIR image shows midd
omogeneous hyperintensity; b: T2-weighted TSE axial image (TR/TE: 
ensity with a peripheral hypointense line (arrowheads); c: T1-weighted
.1/3.2 ms) shows multiloculated appearance (arrowhead); d: diffusion
DC value within the lesion with an ADC of 1.33 × 10−3mm2/s (region of 
aised choline peak, choline/NAA ratio close to 1.F.  Beuret  et  al.
turbo  spin  echo,  repetition  time  (TR)/echo  time  (TE):
059/100  ms).  A  moderate  mass  effect  was  seen  (Fig.  1).
he  lesion  showed  marked  hyperenhancing  peripheral
im  after  intravenous  administration  (IV)  of  gadolinium
helate,  featuring  a target  appearance  with  central  cys-
ic  area,  resulting  in  a  multiloculated  appearance.  The
esion  was  hyperintense  on  diffusion-weighted  imaging
b  =  1000  s/mm2, TR/TE:  8300/92  ms),  but  with  no  drop  in
he  apparent  diffusion  coefﬁcient.  In  this  regard,  the  ADC
alue  was  1.33  ×  10−3 mm2/s,  corresponding  to  increase  of
0%  compared  to  the  apparently  healthy  contralateral  side.
pectroscopy  showed  a  moderate  rise  in  the  choline  peak
ith  a  choline/NAA  radio  of  close  to  1  and  no  lactate,  lipid
r  amino  acid  peak.  Chest,  abdominal  and  pelvic  CT  was
ormal  and  lumbar  puncture  was  negative.  Listeriosis  was
uspected  and  empirical  therapy  was  started  with  amoxi-
illin,  sulfamethoxazole-trimethoprim  and  corticosteroids,
hich  initially  produced  some  imaging  improvement.
ix  months  later,  the  patient  developed  headaches  and
 homonymous  hemianopia  found  to  be  a  second,  left
ccipital,  site  of  disease.
Lumbar  puncture  demonstrated  cerebral  nocardiosis,ia  species.  The  patient  subsequently  recovered  on
ntibiotic  therapy  with  imipenem  and  sulfamethoxazole-
rimethoprim.
le cerebellar peduncular and right sided cerebellar lesion with a
4059/100 ms) reveals cystic areas exhibiting pronounced hyperin-
 gradient-echo axial image after IV of gadolinium chelate (TR/TE:
 weighted image (b = 1000 s/mm2, ADC mapping) shows increased
interest in green); e: spectroscopy (TE = 144 ms)  shows moderately
nts  
w
a
(
f
t
c
r
p
a
r
i
D
O
t
a
m
i
h
i
s
i
l
d
h
T
t
p
w
a
b
rSubtentorial  cerebral  nocardiosis  in  immunocompetent  patie
Patient 2
A  51-year-old  man  with  a  past  history  of  hypertension
developed  occipital  headaches  with  cerebellar  symptoms
occurring  on  wakening.  Before  IV,  CT  showed  a  hypoat-
tenuating  cerebellar  lesion  in  the  vermis  with  a few
hyperattenuating  areas  that  partially  enhanced  peripherally
after  IV  of  iodinated  contrast  material.  MRI  showed  a  het-
erogeneous  lesion  on  T2-weighted  (TSE,  TR/TE:  6280/94  ms)
and  FLAIR  imaging  with  a  central  hypointense  area  on
FLAIR  which  was  hypointense  on  T2*,  thus  conﬁrming  hem-
orrhagic  changes  (Fig.  2).  A  peripheral  hypointense  rim
was  present  on  T2-weighted  images.  The  lesion  enhanced
heterogeneously  after  IV  of  gadolinium  chelate  and  was  mul-
tiloculated.  Diffusion-weighted  MRI  (b  =  1000  s/mm2,  TR/TE:
8000/106  ms)  showed  a  heterogeneous  appearance  associ-
ated  with  foci  of  hemorrhage.  Perfusion-weighted  imaging
showed  an  area  of  increased  perfusion  with  a  blood  volume
four  times  greater  than  that  of  healthy  contralateral  areas.
It  was  not  possible  to  determine  whether  the  lesion  was  a
tumour,  an  abscess  or  a  tumour  with  abscess.  The  patient
received  cefotaxime  and  corticosteroids  but  his  condition
initially  deteriorated  clinically  with  an  extensive  mass  effect
in  the  posterior  fossa  which  required  a  direct  neurosurgi-
cal  approach.  The  bacteriological  results  from  the  samples
taken  conﬁrmed  the  presence  of  Nocardia  farcinica  and  the
patient’s  treatment  was  then  changed  to  sulfamethoxazole-
trimethoprim  and  cefotaxime.  However,  he  deteriorated
rapidly  and  developed  an  increasing  mass  effect  in  the  pos-
terior  fossa.  The  patient  developed  diffuse  meningitis  and
died.
Patient 3
A  68-year-old  man  with  a  past  history  of  type  II  diabetes
and  hypertrophic  cardiomyopathy  developed  a  cerebellar
syndrome  associated  with  rapid  neurological  deterioration.
CT  revealed  a  cerebellar  lesion  in  the  vermis  extending  to
the  left  side  of  the  cerebellum,  which  was  multiloculated
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Figure 2. Cerebral MRI in patient 2: a: T1-weighted gradient echo ax
a lesion in the vermis with a multiloculated appearance; b: perfusion-w
increased perfusion (region of interest shown in violet) with a blood ﬂow
T2-weighted TSE axial image (TR/TE: 6280/94 ms) shows a multicystic ap955
ith  a  liquid  component  in  its  center,  enhancing  peripher-
lly  but  with  only  mild  mass  effect  compared  to  its  size
Fig.  3).  The  patient  had  a  pacemaker  and  could  there-
ore  not  have  MRI  and  the  initial  assumption  made  was
hat  of  a  high  grade  glial  tumor  and  he  received  corti-
osteroids.  His  neurological  status  deteriorated  rapidly  and
epeat  CT  showed  an  increase  in  size  of  the  lesion,  at  which
oint  infection  was  suggested.  Surgical  evacuation  of  the
bscess  isolated  the  organism  Nocardia  species.  The  patient
eceived  sulfamethoxazole-trimethoprim  yielding  rapid  clin-
cal  and  radiological  improvement  and  he  then  recovered.
iscussion
ur  three  cases  of  cerebral  nocardiosis  have  common  symp-
omatic  and  imaging  features.  On  conventional  MRI,  the
ppearances  were  mostly  those  of  a  lesion  containing  central
ultiloculated  area  made  up  of  cystic  cavities  display-
ng  pronounced  hyperintensity  on  T2-weighted  imaging  and
ypointensity  on  T1-weighted  imaging.  This  central  portion
s  surrounded  by  a  hypointense  line  combined  with  an  exten-
ive  area  of  edema,  which  is  hyperintense  on  T2-weighted
mages.  The  FLAIR  images  show  predominantly  homogeneous
esion  except  for  areas  of  hemorrhagic  changes.
The  lesion  enhances  after  IV  of  gadolinium-chelate  pro-
ucing  a  non-speciﬁc  annular  appearance.  On  the  other
and,  the  peripheral  hypointense  annular  appearance  on  the
2-weighted  images  is  more  characteristic  and  is  believed
o  occur  as  a  result  of  organization  of  necrotic  debris  and
hagocytosis  of  the  capsule  by  macrophages  [4].  This  T2-
eighted  hypointense  rim  is  also  observed  in  other  bacterial
nd  fungal  abscesses  and  is  not  speciﬁc  for  nocardiosis,
ut  does  suggest  an  infectious  cause.  A  double  hypointense
im  on  T2-weighted  images  appears  to  be  more  speciﬁc  for
ocardia  abscesses  [4]  and  is  believed  to  be  explained  by  the
act  that  Nocardia  grows  relatively  slowly  so  that  peripheral
hanges  due  the  host  defense  against  the  bacterium,  results
n  a  thick  capsule  [4].
ial image after IV of gadolinium chelate (TR/TE: 20/5 ms) shows
eighted image (cerebral blood volume mapping) shows an area of
 four times greater than that of the contralateral healthy area; c:
pearance with a peripheral hypointense line (arrowheads).
956  F.  Beuret  et  al.
Figure 3. CT scan in patient 3: a: before IV of iodinated contrast material, CT shows a lesion in the superior cerebellar vermis, which
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ms multiloculated with a central portion of water attenuation valu
eripheral enhancement (arrowhead) and mild mass effect.
The  multilocular  appearance  on  MRI  or  CT,  with  an  area
f  abscess  made  up  of  several  cystic  cavities  is  also  sugges-
ive  of  the  diagnosis  of  nocardiosis  and  helps  differentiation
rom  abscesses  due  to  pyogenic  organisms,  which  are  usu-
lly  uniloculated.  The  multiloculated  nature  of  the  lesions
ay  be  explained  by  their  growth  with  direct  extension  of
he  ﬁlaments  through  tissues  [5].
We  observed  a  hyperintense  appearance  on  diffusion
eighted  imaging  in  two  of  our  patients  with  an  increased
DC  in  one  and  a  moderately  reduced  ADC  in  the  second
ompared  to  the  contralateral  side.  Similarly,  in  the  liter-
ture  Nocardia  abscesses  appear  to  display  either  a  similar
ppearance  on  diffusion  weighted  imaging  to  those  of  an
bscess  due  to  pyogenic  organisms,  with  a  reduced  ADC
6,7],  or  an  appearance  similar  that  of  tuberculosis  or  toxo-
lasmosis  abscesses  with  no  reduction  in  diffusion  [3].
The  main  differential  diagnosis  is  that  of  a  tumour,  par-
icularly  one  which  is  necrotic  or  cystic  in  nature  and  several
ases  of  cerebral  nocardiosis  treated  surgically  for  suspected
igh  grade  glioma  have  been  reported  [2].  On  imaging,
he  hypointense  line  on  T2  weighted  imaging  is  not  char-
cteristic  of  a  tumour  [8]  and  similarly  the  mass  effect  in
his  case  is  modest  overall  compared  to  the  volume  of  the
esion.
Spectroscopy  which  was  carried  out  in  patient  1  showed
 metabolic  proﬁle  which  was  non-neoplastic  in  appearance
ith  no  choline  peak  or  increase  in  lipids.  Murray  et  al.  have
lso  reported  an  immunocompetent  patient  with  supra-  and
ubtentorial  nocardiosis  lesions  with  no  choline  peak  [9].
imilarly,  Yaakup  et  al.  found  no  choline  peak  but  did  ﬁnd  a
actate  peak  in  an  immunocompetent  patient  [3].
The  perfusion  weighted  MRI  images  in  patient  2  showed
ncrease  perfusion  of  the  lesions.  This  increase  in  perfusion
n  the  enhanced  part  of  the  lesion  has  also  been  reported
y  Cianfoni  et  al.,  associated  with  dilated  capsular  capillary
essels  found  histologically  in  this  study  [10]. Conversely,  in
atient  1,  no  increased  perfusion  was  found,  as  in  the  cases
eported  by  Holmes  et  al.  [11,12].
t
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drow); b: after IV of iodinated contrast material, the lesion shows
It  is  important  to  suggest  a  diagnosis  on  imaging  as
he  clinical  presentation  is  usually  relatively  non-speciﬁc.
amelak  et  al.  reported  131  cases  of  cerebral  nocardio-
is  and  concluded  that  CT  reduced  overall  mortality  from
0  to  37%  [1].  Exposure  to  the  organism  (usually  through
arth)  is  not  easily  suspected  from  the  clinical  enquiry  and
here  is  usually  no  clinical  or  laboratory  evidence  of  an
nfectious  cause.  As  in  our  three  patients,  fever  and  a  labo-
atory  acute  phase  reaction  are  often  absent  and  in  addition
ocardiosis  may  develop  without  immunodeﬁciency  in  42%
f  patients  [5]. The  diagnosis  is  even  more  difﬁcult  in  these
mmunocompetent  patients  when  the  clinical  background
s  not  suggestive  of  opportunistic  disease  and  the  cere-
ral  involvement  may  be  isolated.  However,  the  distinction
etween  tumour  and  abscess  is  essential  as  corticosteroids
ay  reduce  the  neoplastic  cerebral  edema  but  can  cause
apid  progression  of  an  abscess  resulting  in  the  patient  dete-
iorating  or  even  dying.
Few  cases  of  a  single  subtentorial  site  of  nocardiosis
ave  been  reported  by  contrast  with  a  majority  of  supra-
entorial  casea  of  nocardiosis  [1]. Only  six  [13—18]  of  the
8  patients  (10.3%)  with  cerebral  nocardiosis  included  in
he  literature  reviewed  by  Franck  et  al.  had  a  subtentorial
bscess  [19]  and  of  the  seven  cases  of  subtentorial  nocardio-
is  reported  in  the  literature  [13—19], only  two  [15,17]  had
 single  location  in  the  posterior  fossa.  The  other  ﬁve  had
oncomitant  supratentorial  sites  of  disease.  In  addition,  pos-
erior  fossa  abscesses  are  unusual  abscess  sites  in  the  brain
nd  are  usually  due  to  abscesses  caused  by  pyogenic  orga-
isms  associated  with  local  sites  of  infection,  particularly
to-mastoiditis  or  secondary  sites  (paradoxical  embolism
ue  to  pulmonary  arteriovenous  ﬁstulae,  etc.)  [20].  A  sin-
le  subtentorial  location  of  the  disease  may  therefore  be  a
isleading  feature.
The  deﬁnite  diagnosis  is  made  by  identifying  the  bac-
erium  in  lumbar  puncture  ﬂuid  or  from  an  aspiration  biopsy.
hese  procedures  can  be  delayed  with  subtentorial  sites  of
isease  because  of  the  risk  of  herniation  of  the  amygdala
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and  it  is  therefore  important  to  suggest  the  diagnosis  of
nocardiosis  on  imaging  in  order  that  the  necessary  diagnostic
samples  can  be  taken  as  quickly  as  possible.
Conclusion
In  conclusion,  cerebral  nocardiosis  has  a  relatively  non-
speciﬁc  presentation.  However,  the  microcystic  appearance
on  CT  and  T2-weighted  MR  imaging  surrounded  by  a
peripheral  hypointense  rim  on  T2-weighted  images  with  mul-
tiloculated  contrast  enhancement  and  a  mild  mass  effect
should  suggest  the  diagnosis,  even  if  the  lesion  is  single  and
in  the  absence  of  immunosuppression.  Identiﬁcation  of  the
nocardiosis  is  facilitated  if  the  bacteriologist  is  informed
about  the  suspected  diagnosis  as  this  may  be  missed  on
routine  tests.
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